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ABSTRACT 

. ... . . The ability of at-risk and handicapped infants and 

toddlers to interact with microcomputers was studied. One research * 
phase focused on the parameters (motor, language, and cognitive 
developmental levels) for using the microcomputer. The overall 
project examines eight levels of use culminating in using a menu 
driven program for making choices to initiate an interaction. Level 1 
objectives begin with assessing the needs of each individual through 
an information-gathering process. Objectives at level 2 attempt to 
establish the cause/effect relationship, while level 3 teaches the 
concept of making choices. The first three levels were implemented 
W i ! c 1 ° infants and toddlers. Five of the children were functioning 
at 55-77% of their chronological age. These children were more mildly 
handicapped and were capable of performing the level 2 task without 
assistance (i.e, minimal positioning/adaptive equipment). The other 
five functioned from 6-15% of their chronological age. These children 
were mul ti hand i capped , including severely motor and sensory impaired. 
They required a great deal of teaching and assistance to perform the 
task at level 2. The children appeared to understand the cause/effect 
relationship between the computer screen and activating a switch. It 
also appears that their response time can become adequate and 
consistent in a very short time period. It is concluded that when 
level 8 is reached, the child will be able to select from a variety 
of categories, which perhaps will provide the consistent control of 
the environment necessary for normal concept development. (SEW) 



***************************************************^ 

* Reproductions supplied by EDRS are the best that can be made * 

. from the original document. * 

********************************** A**********************************^ 



U S. DEPARTMENT OF EDUCATION 

NATIONAL INSTITUTE OF EOUCATOn 
EDUCATIONAL RESOURCES INFORMATION 
/ CENTER (ERIC) 

-cvad f, om Ih , porson Qr orga „ 
originating tt. 

Mm 0 rch a n Qe s have been ma de. 0 , mprove 
reproduction quality. 

• Pomts of view or opm.ons stated m this docu 
"lent do not necessarily represent off.ca, NIE 
position or policy. fc 



o 

KV 



CRITICAL LEARNING: 
MULTIPLY HANDICAPPED BABIES GET ON-LINE 



Mike Behrmann, Ed-D 
Liz Labm, M.A. 
George Mason Uni versi ty 
Department o-f Education 
4400 Un i ver st i y Dr i ve 
Fai r-f ax „■ VA 22030 

"PERMISSION TO REPRODUCE THIS 
MATERIAUHAS BEEN GRANTED BY 




TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC).** 



9 

ERLC 



are limited if ^'JLmt*^'- V han + dica PP ed infants and toddlers 
environment. ?his miv i?L? ^ raCtl ° n they can have Wlt h their 
-using second^ TjJ^l and SST^nS" 'f^ <™ 
handicapped individual. This y t - I morB 

using a microcomputer to ciivl „J J h P " V 6 brok ** by 

interaction back'to the i^ant! ^ enVlr '™ en tal 

i-gu^^^^ 

the child is unable to a n h • Wlthout that m °tor information, 
Piaget sta^e »kno ^edge Ts derTveS^ 9 ^ ''V ^^iiy, 
1979, p. 41). These indi vd i I''™ ^V" " " " " (Goldenbe ^- 

reciting the importance of Tarty toti "ac ioL"^ ° th ^" in 
manipulations to develop knowledge bS el Ruder" B^c^T* -1 
Ruder (1975, p. 21) show that Bruner, Pi Lt and' Inh^ , ' 
the same conclusion in rpfprpnra +■ i 9 ' Inhelder reach 
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Ml^iSr 01 '-^ 0 ^ lan 9" a 9« ^ ^33^. ro achieve 

to the level oT mot of 1 nti Lt^ ^ ^ Goldenbe ^ »*79 p P-47) as 
canc _. , Df moLor interaction necessary to obtain th<=> 
sensorimotor experiences needed. He points out Thlf <- 
severelv in'itnrir^i i„ t, _. • • HUllli:b OLie that some 

eiy mocorically handicapped individuals ro^r-h k-s^k i 

receiving feedback from their surronnriW individuals are 

He proposes that n ™7h* - V? f 1 fundings in some other form. 

k u_>r>t^ ^ Lnat possibility of Vpmn-p r- +• y r~\ "\ ? ~ _ • i , . 

dlveL^ent^* — iment'ation ^^Sn^St 1 "™ " 

second 'handicIp% o ra i cn^d t Lca^ P i? Si^S^nSSi"- a 
experiences of the world to build i nf ormati on^l.LTde^r , 
sLuld' eg n a Wn ™ly"S5 t7 h * ndi ?*>? ' can b * P-vented'lt 

critical learning Period. 9 ?he p^IntSn ^■l^"-*' 0 ' 0 * thiS ' 
development wi 1 1 f Li 1 i - i preven * lon °f lags in conceptual 
base to build fa 5;- llt ? t " lan g L,a ge development providing a good 
QdjB ro ni-iild on. The microcomputer and the-rpl^ori 7 
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arHuD hQK • ' ' assess learning it is necessary for an 
active behavior to occur on the part of the child. 



mi.Im^r . r, baS f d tec 1 hnol °9y *■ now providing the means to 
U. riLoni ? rSn *.*^ 1 i y tD ir,tera ^ with their environment 
ni^w4 4 P °T initlate an observable action) as well as 

provide a means of systematically evaluate the consistency and 
accuracy of those interactions, even though they may be 
insignificant to the observer. There are three areas in which 
technology can significantly effect learning by enhancing 
environmental interactions of the child: communication, 
environmental control, and environmental manipulation.' These 
three domains" must be woven together in order to provide 
teachers and parents to "teach" these children to function to 
fullest potential. 

most h?27~§ £ - £iSD * Communication can be considered ono of the 
most basic forms of environmental interaction. Typically it 
begins within the first year of life for handicapped and 
nonhandicapped individuals. Defining communication as the 
transmitting of a message With two necessary components, the 
intention of the sender to transmit and a receiver who intends to 
receive and understand that message (Pryen, 198^) the 
nonhandicapped child soon has an advantage' in his' or her ability 
to learn verbal language, the most efficient mode of ablllt V 
EhT ni K Ca r? n \ M f ny handic W ed children are very delayed in 
ArM T • a -i i Sarn verbal language and some never do. 

Additionally, th^ir ability to interact nonverbal ly may also be 

r^nTd? * l ted " ™ e inabllit V to communicate efficiently and 
rapiclly creates setbacks in learning, inhibiting experimentation 
with their enviro-nent. The technology is currently available to 
give these individuals ef f i r-i orvh m^^lL c . 
rinnM- r-«iw , u e+ncient modes of communication that 

don t . ely on their verbal abilities. Thus, a nonverbal child 

a^itoTv tlSuJ thUS interact with ^e environment) through 

nicin™ (lnclu 4ncj voice synthesis), physical movements, 
pictures or wordjs,. < 

in ^ r !~ LE9D '^ Q f^ ^trol . This category of environmental 

su^rjs iurnJnn U i ? hysical manipulation of the environment 

such as turning electrical toys and appliances on and off. 

2 * drSn Wlth i imited motor abilities miss out on these life 
experiences and must depend on others to perform the tasks for 
tnem. Again, the technology is available to return to them that 
lost •independence. Home controllers are readily available for 
adult consumers and are very inexpensive. These devices can 
^ctncally control such things as the heat, burglar alarm, 
phone answering machine and house lighting either by remote' 
£° n ?L°r program c °ntrol. These same devices combined with 
thoughtful programming can allow the young handicapped child to 
t>e in control of such devel opmerrtal 1 y appropriate tasks as 

^J 1 ^. ! TV > el * c tri<=al and battery operated toys arid other ' 
such things on and off. r • 

Environmental Mani E yl ati on . Another category of devi ces or 
mechanisms that are available for environmental interaction is 
robotics. Robots can fulfill single or multiple functions? ' 
including communication and environmental control. However 
"f^? ^ °* ^'f environment in probably the most important 
aspect of the robot. A robot can become the extension of the 
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i"?i» ld Vj; bY pending the child's accessible environmental 
chTlS toV a . m °f l i"' , ^Iti-dir.ctionalVm which will allow the 
child t6. manipulate objects within his eriyi ronment . As technolgy 

5 r So : d C : PabiliUe5 !° r ^i«in g keanirfgTul, appropriate! 

Til incr^sf too' n<=eS ^ y ° Ung handi ^ PPSd thr ° U9h r ° boticS 

DEVELOPING PARAMETERS FOR USING THE COMPUTER 

. Campbell, Bricker, and Esposito (1980, p. 2^4-240) 
voice a number of areas of concern in using technology with " 

Isinolec^n? 1CaPped ind V Wduals - «r.t are the concerns of 
using technology as an end rather than a means to higher level 

controrjo^ :\» U5 " J ° f thS Com P" ter ^ provide environment a 

f ° r thS P"[P° sfe °* building a conceptual information base 
surely minimizes that concern as long as efforts to direct that 

conccrnVr^ SyS ^^^ monitored. a! second 

r^In* ^U,.lty to find meaningful,, motivating, and 

relevant consequences that will take control" of . the behavior 
brh y er p Tess a 'nd S f Ve H ely individuals have learned " to 

that while stnil^H 9 consequences strong enough to overcome 
challonnl? rl voiding satiation and extinction are real 

educatorr^he^lr by *^ SSVere l V handicapped 

educators whether using microcomputers or not. The flexibility 

area rs C in ,P th C r ^ ^ c - halle "9*- * third probJem Y 

a ea is. in the generalization of these skills or uses when tev 
have been taught in fixed and contrived situations Again a * 

Ind home 1 !^ P " ^ bringi ^ the technology into the classroom 
and home is necessary. An additional concern in the area of 
generalization incited by Campbell et. al . . that children 
H^!^ 1 "? ln ,f h ! P^'^ry circular reaction stage of cognitive 
con?rol Pm n n ,h ^ Unable tD ^neralize. They are under strict 
the «S. n c °nsequences as they repeat new experiences for 

Itlal hn I' 056 ?f ^producing the same experience. During this 

scheL" be.o;/^ 1 ^ 10 ^ IT SChSmaS arS deve l°Ped to new stimuli, 
schemes become coordinated as functional relationships are 

™li I ' and perce Pt"al recognition is achieved through the ' 

ch'r'-terLt a( =t i ons (Phi 1 i 1 ps , !975, p. 28). These stage 

r u POt rUle " DL,t the use of computers but suggest 

the?, aU:ct a on h ""'V* '* SPeCifiC ^nitive levels and 

the. i affect on computer interactions. Drinker & Lewis (198^) 

?CA%-5 ed o? «5 C S? , " t r" tD illL, ftrate that handicapped infants 
1 ■ - u mos and MA 2 "5 nio5) can learn cause/effect rplatinnrhinr 

r:«^i%s 1 i t s h ; h B ^ ond th r; if - wouid appe - t^t m^mum or,3hips 

requisites in the areas of language and motor development need 
parameters established as well, for the successful use of this 
application of technology in the training of handicapped infants. 

PILOT' RESEARCH 

J 

o 

Description of the Population 
* . Two phases of & pilot research project have been 

program as subjects. The program is governed by a n D n-e« c 1 u3 i on 
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policy thus these students range in abilities from 'at risk' or 
mildly handicapped to severely multiply handicapped. Their 
f^r?i° 91Ca r a9 f! ran ?f. f ron, birth through 30 months, at which 
time they enter the public school a/stem. The initial research 
looked at u students, three of which were U-14 months and 

-:„ro7 CaPP !; ar )t ° lder ™-,lti-handicapped children between 

-iu and ^7 months (behrmann ?< Lahm, 19S2) . 

i , ~ , The ^cand phase,' which is currently in progess, 

looks at the older handicapped children attending the program. 
They were selected because they will soon move into the public 
schools and thus will not be candidates for further research. 
These second phase subjects car be divided into two groups, 
mildly and multiply handicapped. ' 

Description of the Equipment 

\ Tne Project currently utilizes an Apple 11+ 

microcomputer, votrax Type ' N Talk voice synthesizer, a color TV 
monitor, and various custom made switches as input devices, 
ttforts are being made to use only readliy available commercial 
hardware to allow for replication of the program at other 
facilities in the future. The switches, though custom made, are 
inexpensive and easy to make or commercially available switches 
can be substituted. 

A Systematic Approach to Teaching Computerized Environmental 
Interactions 



. The second phase of the pilot research project is 

being undertaken to begin looking at the parameters (motor, 
language and cognitive developmental levels) for using the' 
microcomputers with handicapped infants and toddlers to establish 
a cause/effect relationship (level 2). The entire project looks 
at eight levels of use ranging from establishing' a cause/effect 
relationship to using a menu driven program for making choices to 
initiate an environmental interaction. The computer programs or 
software are developed to fit. the needs of each individual. The 
objectives, response cues, screen diagram and measured variables 
for each level are shown in table :L . 

The objectives in level 1 begin with assessing the 
needs of each individual through an information gathering 
process. Information related to the optimal working position of 
the child, the probable best switch and any unique program 
requirements such as those for visual or hearing impairments are 
obtained from the teachers, therapists and parents of the child. 
Using the initial information, objectives at level 2 attempt to 
establish the cause/effect relationship before requesting the 
child to learn the concept of decision makinq. The next levels (^ 
- 6) gradually increase the abstractness of the picture 
representation on the computer screen while teaching the child to 
make a selection. This is done to allow the child more 
flexibility and ability in his/her choice vocabulary. These, 
levels also increase the number of pictures or options presented 
to the child at a given time. The end result will be a system of 
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LEVEL OBJECTIVE 
1 assess needs 



2 establish 
cause/effect 
relationship 

3 teach concept 
of making 
choi ces 



4 select between 
2 options of 
abstract pic- 
tures 

5 select between 
2 options of 
abstract pic- 
tures 

6 select between 
4 options of 
abstract pic- 
tures 

7 select between 
4 options of 
environmental 
control 5 

8 select between 
4 main cate- 
gories to find 
new * pages*" of 
choi ces 



RESPONSE CUE 
N/A 



voice 
"press the 
switch" 



SCREEN DIAGRAM 
N/A 



teacher asks 
"which do you 

want to play 

with?" 

voice/teacher 
"find 

Bicture " 
+ visual cue 

voi ce/teacher 
"find 

Qlcture " 



voice/teacher 
"find 

Bicture '■ 



teacher asks 
"what do you 
want to do?' 



teacher asks 
"what do you 
want to do?" 




VARIABLES 

position 
switch . 
program needs 

response time 
average time 



monitor re- 
sponse times 

frequency of 
choi ces 

response time 
no. correct 



response time 
no. correct 



response time 
no. correct 



response time 
frequency of 
responses 



monitor re- 
sponse times 

frequency of 
responses 
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categorising choices that will facilitate -finding a specific 
response or choice (levels 7 8< 8) . Table 1 relates the response 
cue or the command given to the child at each level. The format 
of the computer screen is also shown to give you an idea of the 
a.nount or information given to the child at a time, The column 
labeled variables simply lists the kind of ' i nf ormati on the 
program is collecting for further analysis. 

Two kinds of feedback are given to the child when 
the switch is activated. Level 2 replies to the child's response 
by immediately displaying a fun, rewarding picture with an 
auditory response. Levels 4 - 6 l se that same response reward 
when the child chooses the correct picture. These rewards are 
randomly generated to avoid satiation. In levels 3, 7, and 8, the 
computer rewards the child with a direct action, ie. it turns on 
or activates the object of the choice for a short period of time. 
These three levels utilize the concept of the child direct 
controlling their environment. 

PRELIMINARY RESULTS 

The first three levels of the project (assessment, 
cause/effect, and concept of choice) have been implemented to 
date with 10 infants and toddlers. The results of level two are 
shown in tables 2 and 3. The 10 subjects evaluated on this level 
can clearly be divided into two groups. Table 2 respresents a 
group of children whose Early Learning Accomplishment Profile 
(ELAe) scores indicated functioning levels from 557. to 777. of 
their chronological age. These children in general were more 
mildly handicapped and quite able of performing the level 2 task 
without assistance (ie. minimal positioning/adaptive equipment). 
Table 3 represents a lower functioning group. Their ELAP scores 
were significantly lower, showing functioning levels from 67. to 
157. of^ their chronological age. In general, the children in 
table 3 were mul ti handi capped including severely motorically 
handicapped and sensory impaired. They required a great deal of 
teaching and assistance (positioning/adaptive equipment, 
prompting) to perform the task at this level. 

* Of the 5 mildly handicapped children represented in 

table *. % two of them met a criterion of responding in„5 seconds 
or less 807. of the time over 3 of 4„ sessions. Two other children 
are very close to that cri ter i on .but are showing a' deterioration ■ 
of response time. The fifth child, although never close to 
criterion, shows this same deterioration of response. In all 
cases, the researchers immediately noted that the 5 children in 
Table 2 apparently understood the task but with the last three 
children, interest was lost and other aspects of the testing 
environment became more attractive (ex. knobs on the TV, other 
people present). It was concluded that if the program was more 
highly motivating, they too would reach criterion .rapidly. 

The 5 mul ti handi capped children represented on table 
3 depict clearly different results. -The two that reached 
criterion were' the first two subjects and took part in the 
initial pilot work. Their scores are comparable to the others 



because the computer program and testing situations were 
essentially the same. However, no ELAP scores were collected 

T^T" J heir level 2 results are similar to those of the more 
mildly handicapped children on table 2. However, each of these 
two subjects were severely limited due to their multiple 
handicaps unlike those in table 2. The other three children have 
not come close to criterion yet. ; Subjecti vel y, the researchers 
have noted that on most trials they appear to make the effort and 
show an understanding for ♦ ne task but are unable to perform to 
criterion. This raises questions about expected levels of 
performance and what response time might be considered a 
functional for the severely mult i handi capped child, as well 
the ability of the level 1 assessment to address optimal 
positioning and switch. 



as 



Table 4 compares the ELAP scores of the two 
subjects that have met criterion and the two that have come the 
closest from Table 2. This comparison is the first attempt to 
look at the motor, language and cognitve levels of successful 
children to identify parameters for success. Four subjects i <=; 
clearly not enough to make statements about predictors of success 
but this is a beginning. ,The next stage of the research project 
will evaluate approximately 80 subjects at this level. 

Only one subject to be tested on level 2 has 
advanced to level 3 of the program (teaching the concept of 
making a choice). Table 5 shows results on level 2 and table 6 
his progress on level 3. A clear trend toward responding with 
faster more consistent responses in making a choice between two 
toys is seen. Anecdotal observations of the researcher note a 
coinciding understanding of the concept of the scanning indicator 
and making the choice via the switch. Since it is riot possible 
to measure the correctness of choices when given a free choice 
the child's accuracy of choosing is not be reported. It is ' 
interesting to note that, even though the child reached a more 
stringent criterion for response time in level 2, the response 
time in level 3 is slower. No criterion was set at this level 
even though it was" monitored. Free choice decisions al^o did not 
have a time restraint attached and therefore were not be 
measured. The increased .response time is attributed to the mental 
process of decision-making and ' the amount of time involved for 
the indicator to scan the two choices. The objective. at level 3 
then is not the response time, but. rather the trend to improve 
it, showing the child's better understanding of the concept arid 
functional use of making choices. 

DISCUSSION 

The research conducted thus far has begun to answer 
some basic questions about the ability of infants and toddlers to 
interact with microcomputers. It appears that they understand 
the cause/effect relationship between the computer screen and 
their switch. It also appears that their response time- can 
become adequate and consistant within a very short period of 
time. 
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- The question of what is an appropriate response time 
needs i e— evaluation after looking at the two distinct groups of 
handicapped children used in this study. Subjectively it ha* 
been noted that the lower functioning group appear to understand 
the cause/effect relationship which is the prerequisite for using 
.a computer system to functionally control the environment 
However the data also indicates that these children may never 
reach preset criterion of five second resonse times. The 
appropriateness of the criterion must be evaluated before 
deciding whether the lower functioning group can benefit from the 
computer system. 

The major continuing question of level 2 is the 
identification of success indicators or parameters using 
developmental levels or scores from the ELAP. This question will 
be analysed more completely when more subject data is available. 
Once identified, the parameters will be used to help select 
individuals to continue through level S of the program. 

IMPLICATIONS FOR FURTHER RESEARCH 

The research design and results discussed in the 
previous sections of this paper represent only the beginning 
stages of the technology applications research planned. Level 1 
and data, when evaluated for appro* i mat el y. 80 children, should 
provi.de indicators as to which mul t i -handi capped children will 
benefit most from this type of training. - 

. . . Levels 3-8 of the project will provide, a systematic 

training approach to teach devel opmental 1 y young children to 
effectively utilise microcomputer technology to interact with 
their environment. The technology involved includes use of an 
Apple 11+ computer, voice synthesizer, environmental control 
mechanism <BSR X-10 Controller) and robotics (Heath Hero-1). 
These combined technologies will be programmed so that the child 
will be able to select options from a "menu". The selection of 
an option will then be translated into an i nteract i on ' wi th the 
child's environment in a preprogrammed format using one or more 
of these technologies. 

When a child reaches level 8, s/he will be able to 
select from a variety of categories - robot, communications, 
environmental control. From these categories additional choices 
will be available (ie. robot to get X toy or robot get 
teacher ) . '* 

The general purpose of • the project is to apply . 
commercially available .technology that is relatively inexpensive 
to the learning needs of devel opmental 1 y young handicapped 
children. Technology is growing at an almost uncomprehensi bl e 
pace, but the technology and need are both present now and the 
wait for "something better" may never end. The robot which is 
being utilized inthe project was not available 6 months ago. It 
may well make some of the hardware obsolete almost before the 
project starts. This robot can "see", "hear", mdve about, 
manipulate objects and turn off and on switches. Thus, it may 



have already removed the necessity of an environmental control lei 
and voice synthesis communication. What has NOT changed 
though, is the need to systematically train handicapped" 
individuals to utilise technology that can benefit them. ' , 

■ Systematic training can be done in such a manner 

that the technology and/or application can change while the 
"format and interaction mechanism" between the handicapped 
individual and the technology remains the same. If one thinks ol 
one of the major problems for training severely and profoundly 
handicapped.- training the handicapped person to generalize from 
one situation to another - the potential is there for developing 
a constant format for enabling an individual to make choices 
while others "programming" the technology to generalize or adapt 
to different environments. 

It is hoped that the capabilities of microcomputer 
systems to extend environmental interactions to infants of 
limited motor abilities will provide them with the consistent 
control of their environment necessary for normal concept 
development. This in turn should affect the language 
development, self-concept development, ability to communicate and 
their social interactions. By developing these skills at normal 
developmental ages it is hoped that secondary handicaps will be 
prevented. As their skills advance, the technology can advance 
with them, always giving them appropriate opportunities for 
interaction and communication. Ultimately, they will have the 
ablity to reach "outside their immediate environment by using 
telecommunication networks; This will enable then to transmit 
information or communicate with others through telephone and 
television lines. 

The findings of this research should impact other 
populations of handicapped individuals in addtition to physically 
handicapped. It can have direct application to all individuals \ 
who have a mental age in the range of 0 through 30 months, 'as \ 
studied in this project. Mentally handicapped individuals who \ 
have additional physical handicaps should also be able to utilizfe 
a similar approach REGARDLESS OF THEIR AGE.. » 
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